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TITLE OF THE INVENTION 
METHOD AND APPARATUS FOR INJECTION MOLDING LIGHT 

METAL ALLOY 

BACKGROUND OF THE INVENTION 
(FIELD OF THE INVENTION) 
The present invention concerns a method of and an apparatus for 
injection a molding light metal alloy such as of magnesium and aluminum. 
(DESCRIPTION OF THE RELATED ART) 
As a method of molding light metal alloy materials in a manner 
u similar with injection molding of resins, there has been known a method of 
I/I injecting a light metal alloy material in a semi-solidified slurry into a 
q molding die. Generally, raw metal alloy materials are formed into a semi- 
Yi solidified state by heating a raw material pellet in a screw extruder as 
H disclosed in International Patent Publication Hei 3-504830 or by 
13 granulating raw ingot materials heated into a semi-molten state and then 
jH heating the same in a screw extruder as disclosed in Japanese Patent No. 
*p 2832625 or Japanese Laid-Open Hei 9-108805. 

;a 

Q Since the starting materials are solid metals, any of the methods 

described above involves a problem that abrasion or flexion occurs violently 
in the upstream of the extrusion screw and a load torque has to be increased 
or a heating and stirring channel has to be enlarged in the screw extruder 
thereby making the size of the apparatus larger. 

Further, since the solid material and the semi-solidified slurry are 
existed together in the axial direction of the extruder, metering upon 
extrusion tends to be instable. Further pores are liable to be mixed in 
molding products due to involvement of an inert gas to result in defective 
products. 

In order to overcome the foregoing disadvantages, it has been 
proposed a method of cooling a molten metal in a vertical chamber under 
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shearing by an extrusion screw into a semi-solidified slurry and then 
injecting the semi-solidified slurry discharged from a discharge port at the 
lower end of the chamber into a molding die (rheo-molding method: refer to 
International Patent Publication Hei 9-508850). 

However, since the discharge port at the lower end of the vertical 
chamber is directly connected detachably to an upper portion of a molding 
die disposed therebelow, this method involves a drawback that the height of 
the entire apparatus is excessively large to increase the machine cost and 
also increases the maintenance cost. 

In particular, in a case where the molding die is enlarged along 
with the enlargement of the size of molding products, it is necessary to 
locate a driving system such as a motor and a cylinder connected to the 
upper portion of the screw extruder and a storage hopper for the molten 
metal further higher, and such arrangement is extremely instable as a 
casting facility for actual operation. 

Further, in the injection molding system described above, since the 
slurry is injected by rapidly lowering the extrusion screw in the material in 
which the liquid phase and the semi-solidification phase are mixed together, 
this involves an inherent problem that a screw flight is abraded violently 
and the slurry deposited in the upper portion of the screw tends to damage 
the shaft seal portion. 

On the other hand, in the system separating an injection plunger 
described in Japanese Patent Laid-Open Hei 9-103859, since the nozzle at 
the top of the injection plunger is directed horizontally, when the nozzle is 
connected to the side of a molding die, the height for the entire apparatus 
can be reduced to some extent compared with the injection molding system 
described in the International Patent Publication Hei 9-508859. 

However, in the system with a separated injection plunger 
described above, since a large melting furnace (feeder 20 with heater 25 
shown in FIG. 1 of Japanese Laid-Open Hei 9-103859) is connected directly 



to an upper portion of the chamber, there is a limit for making the compact 
machine. Further, since a melting furnace for heating the solid material 
into a molten metal is directly connected to the upper portion of the 
chamber in this system, it is not favorable in view of the thermal stability of 
the molten metal and the safety. Further, when the melting furnace is 
connected to the upper portion of the chamber, it results in an inherent 
problem that the flow rate control is difficult 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a method of and an 
apparatus for injection molding, capable of injection molding light metal 
molding products at high quality with less pores or shrinkage, without 
excessively enlarging the size of the height for the injection molding 
machine. 

The apparatus according to the present invention is an injection 
molding machine adapted to cool a molten metal under shearing by an 
extrusion screw into a semi-solidified slurry in a substantially vertical 
chamber and then inject the semi-solidified slurry discharged from the port 
at the lower end of the chamber into molding dies, in which a clamping 
device is adapted to open/close a movable die relative to a stationary die in a 
horizontal direction, and a connection component having a first channel in a 
vertical direction and a second channel extending horizontally from the 
lower end of the first channel and in communication with the stationary 
mold formed at the inside is connected to a discharge port at the lower end 
of the chamber. 

The vertical direction of the first channel means a direction 
substantially vertical to the moving direction of the movable die. 

In this case, since the semi-solidified slurry discharged from the 
discharge port at the lower end of the chamber is once turned into the 
horizontal direction and then injected into the molding dies opening/closing 
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in the horizontal direction, even when the molding is enlarged or the stroke 
amount is increased, it is no more necessary to locate the screw extruder at 
a higher position. 

Further, in the apparatus according to the present invention, since 
the molten metal is cooled under shearing by the extrusion screw into the 
semi-solidified slurry in the vertical chamber, various disadvantages caused 
by the heating of the solid material into the semi-solidified slurry can be 
overcome, as well as light metal molding products of high quality with less 
pore and shrinkage can be injection molded. 

In a case where the screw extruder has an injection function of 
axially moving the extrusion screw to inject the semi-solidified slurry, there 
is no requirement of disposing an injection plunger in the second channel of 
the injection flow channel, and the injection flow channel can be formed into 
a substantially L-shaped flow channel consisting of the first channel and 
the second channel. 

In this case, if a crossing portion between the first channel and the 
second channel is formed as a rounded part for smoothly turning the 
direction of the semi-solidified slurry, the semi-solidified slurry can be 
injected smoothly in the horizontal direction by the downward movement of 
the extrusion screw. 

On the other hand, in a case where the screw extruder has an 
extrusion screw not moving in the axial direction and, accordingly, the 
extruder has no injection function of injecting the semi-solidified slurry, an 
injection plunger moving in the horizontal direction may be disposed in the 
second channel of the injection flow channel. In this case, when a check 
valve for inhibiting the back flow of the semi-solidified slurry in the second 
channel to the screw extruder is disposed to the first channel, metering for 
one shot of the material upon injection molding can be conducted accurately. 

Further, the apparatus according to the present invention may 
comprise a melting furnace located substantially at the same ground level 



as the clamping device for heating the solid material into the molten metal 
and a molten metal supply unit for supplying the molten metal in the 
melting furnace by way of a supply pipeline shielded with an inert gas into 
a storage hopper. 

In this case, since the molten metal in the melting furnace located 
substantially at the same ground level as the clamping device is supplied by 
way of the supply pipeline to the hopper which is stored the molten metal 
temporarily, a molten metal by a required amount corresponding to the 
cycle time can be supplied to the hopper, so that it is no more necessary to 
locate a great amount of the molten metal at a top position in the apparatus, 
which is preferred in view of safety. 

Further, the melting furnace preferably has an induction heating 
type heating device for instantly melting the solid material, by which the 
melting furnace can be made compact, and it is extremely safe compared 
with the prior apparatus such as shown in Fig. 1 of Japanese Laid-Open 
Hei 9-103859 in which the molten metal has to be stored always in a great 
amount in a molten state. 

Further, the apparatus according to the present invention 
preferably comprises a level sensor for detecting the height of the surface of 
the molten metal in the hopper and a control device for controlling the 
amount of the molten metal supplied to the hopper based on the signal from 
the sensor such that the surface height of the molten metal is not higher 
than the position for the shaft seal of the extrusion screw. 

In this case, since the surface of the molten metal in the chamber 
does not exceed the position of the shaft seal, even if a semi-solidified slurry 
is deposited to the upper portion of the extrusion screw, the slurry can be 
prevented as much as possible from reaching the shaft seal, thereby making 
the shaft seal less damaged. 

Preferably, the extrusion screw comprises a central shaft inserted 
rotatably into the chamber and a plurality of screw segments arranged in 
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the axial direction. 

In this embodiment, if any one of the segments suffers from 
abrasion and melting damage by both the molten metal and semi-solidified 
slurry, only the portion of the extrusion screw that abraded or damaged can 
be replaced easily by merely replacing the degraded segment with a spare 
segment or an intact segment of an identical shape already used at other 
position, of the screw and it is no more necessary to entirely replace the 
extrusion screw. 

Further, since the extrusion screw is divisionally constituted with a 
plurality of screw segments, the surface of screw segment can be improved 
for the abrasion and melting damage at a reduced cost. And the surface of 
extrusion screw can be optimized, in view of the material, suitably 
depending on the material of the light metal alloy to be injection molded. 

It is preferred to use a plurality of screw segments each having a 
compression ratio of 1.0 and an identical axial length. 

In this case, since a plurality of segments arranged in the axial 
direction in one extrusion screw can be replaced optionally with each other, 
the life of the extrusion screw can be increased remarkably at a reduced cost 
in a screw extruder providing that abrasion and melting damage occurs at 
substantially fixed portions such as in a case of extruders used for the 
injection molding of light metal alloys. 

For instance, in a screw extruder making a molten metal or a semi- 
solidified slurry from heating a solid metal as described above, since 
abrasion occurs more violently in the upstream exposed to the solid metal 
compared with the downstream of the extrusion screw, the life of the 
extrusion screw can be extended by replacing a segment at the upstream 
suffering from abrasion to a certain extent with a segment at the 
downstream suffering from less abrasion. 

On the other hand, in a screw extruder making a semi-solidified 
slurry from cooling a molten metal, since abrasion occurs most violently in a 
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portion of the extrusion screw where the dendritic crystals starts to grow, 
the life of the extrusion screw can be extended by replacing a screw segment 
at a portion suffering from abrasion to a certain extent with a segment in 
other portion suffering from less abrasion or melting damage. 

Further, when the extrusion screw comprises a central shaft and a 
plurality of axially arranged screws fitted over the outer circumferential 
surface of the central shaft, it is possible to design an extrusion screw of 
high performance corresponding to various extrusion conditions. 

For example, when a metal material of high temperature creep 
strength is used for the central shaft and a material of excellent resistance 
against melting damage caused by the molten metal or the semi-solidified 
slurry is used for the plurality of segments, an extrusion screw excellent in 
both of the performances of them can be obtained. 

That is, since Fe series stainless steel (Cr 12% steel and the like) or 
Incoloy 800 (Fe-Ni-Cr series) is exceUent for the high temperature creep 
characteristic over tool steels at a high temperature of about 600°C, such 
materials are suitable to the central shaft. 

On the other hand, the molten metal or semi-solidified slurry of Al 
alloys gives remarkable melting damage to the iron based materials as 
described above and, if such iron based materials are used as they are for 
the screw segment, it is necessary to replace the segments in about one 
week. 

In view of the above, for the plurality of segments fitted over the 
central shaft, it is preferred to use a material having exceUent resistance 
against melting damage by itself, or a material showing exceUent resistance 
melting damage by ceramic coating applied at the surface thereby reducing 
the frequency of replacement. 

Further, the injection molding apparatus for Ught metal aUoys 
according to the present invention preferably comprises a metering cylinder 
having an axiaUy moving injection plunger at the inside, a temperature 
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control unit for setting the temperature such that the light metal alloy 
material in the cylinder is formed into a semi-solidified slurry and a nozzle 
connected at the base end to the discharge port of the metering cylinder and 
formed with a discharge port at the distal end, in which a static mixer for 
radially mixing the semi-solidified slurry passing through the nozzle is 
disposed in the nozzle. 

In this embodiment, since the semi-solidified slurry is injected 
while being mixed radially in the nozzle into a molding plate, even if a 
portion of solid particles in the slurry grows coarsely, the solid particles are 
refined again when they pass through the nozzle. 

This can prevent grown solid particles from mixing into molding 
products, to improve the quality of the molding products and prevent the 
grown solid particles from clogging the nozzle to hinder the closure of an 
on/off valve or increase the resistance to the passage of the light metal alloy 
material and enables stable molding operation. 

The static mixer described above is preferably constituted with 
stirring blades each formed in a shape twisted around the axial center of 
the nozzle. In this case, it is preferred that a plurality of stirring blades of 
different twisting directions are arranged axially in the nozzle while 
crossing to each other. This is because the direction of the radial mixing of 
the semi-solidified slurry changes on every passage through the stirring 
blades of different twisting directions to further improve the refining 
function for the grown solid particles. 

When the solid phase rate of the light metal alloy increases in a 
portion of the nozzle corresponding to the mixer, it may be a worry that the 
solid particles clog to the periphery of the mixer and can not be injected. 
For avoiding this, it is preferred to provide a heating member for setting the 
temperature of the light metal alloy at a portion corresponding to the mixer 
to a temperature higher than the liquidus temperature. 

On the other hand, if the entire nozzle is heated to a temperature 
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higher than the liquidus temperatur* , this may increase the liquidus phase 
not only in the nozzle but also in tho metering cylinder to possibly worsen 
the quality of molding products by the lowering of the solid phase rate of the 
semi-solidified slurry in the cylinder Then, for preventing fluctuation of 
the solid phase rate caused by heating of the nozzle, it is preferred to 
provide a heating member for setting the temperature of the light metal 
alloy to a semi-solidification temperature at a portion in the nozzle 
upstream to the mixer. 

Such a heating member can be adapted to both of the solid plug 
nozzle or self-closure type nozzle described above. In the former, a 
temperature setting member for forming the solid plug may be disposed to a 
discharge port of the nozzle. n the latter, an on/off valve for 
opening/closing the discharge port of the nozzle may be disposed in a 
portion of the nozzle downstream to fie mixer. 

Further, the injection molding apparatus for fight metal alloys 
according to the present invention preferably comprises a metering cylinder 
having an axially moving injection plunger at the inside, a temperature 
control unit for setting the temperature of the light metal alloy material in 
the cylinder so as to transform the same into a semi-solidified slurry and a 
nozzle connected at a base end to a discharge port of the metering cylinder 
and a discharge port formed at the distal end thereof in which a slitwise 
injection channel causing a shearing flow to the semi-solidified slurry 
passing through the nozzle is dispose ! in the nozzle. 

In this embodiment, since the semi-solidified slurry is injected into 
the molding die while forming a shearing flow in the slitwise injection 
channel of the nozzle, even if a porMon of the solid particles in the semi- 
solidified slurry is grown coarsely, such solid particles are refined when 
they pass through the nozzle. 

Therefore, this can prevent ;yrown solid particles from mixing into 
molding products to improve the quality of the products, and the grown 
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solid particles from clogging the nozzle to hinder the closure of the on/off 
valve or increase the resistance to the passage of the light metal alloy 
material, and enables stable molding operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an entire side elevational view of an injection molding 
apparatus according to a first embodiment of the present invention; 

FIG. 2 is an entire side elevational view of an injection molding 
apparatus according to a second embodiment of the present invention; 

FIG. 3 is an entire side elevational view of an injection molding 
apparatus according to a third embodiment of the present invention; 

FIG. 4 is an entire side elevational view of an injection molding 
apparatus according to a fourth embodiment of the present invention; 

FIG. 5A is a side elevational view of an extrusion screw enlarged in 
an axial midway part, and FIG. 5B is a cross sectional view taken along line 
A-A in FIG. 5A; 

FIG. 6A is a side elevational view for a central shaft of an extrusion 
screw, and FIG. 6B is a transversal cross sectional view thereof; 

FIG. 7 is a cross sectional view of a nozzle for light metal alloy 
injection according to a preferred embodiment of the present invention; 

FIG. 8 is a cross sectional view of a nozzle according to another 
embodiment of the present invention; 

FIG. 9 is a cross sectional view of a nozzle according to a further 
embodiment of the present invention; 

FIG. 10A is a cross sectional view of a nozzle according to other 
embodiment of the present invention, FIG. 10B is a perspective view of a 
shearing block, and FIG. IOC is a perspective view showing a modified 
embodiment of the shearing block; 

FIG. 1 1 is an explanatory view of applying the nozzle in FIG. 7 to 
an in-line system injection molding apparatus; 
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FIG. 12 is an explanatory view of applying the nozzle in FIG. 8 to 
an in-line system injection molding apparatus; 

FIG. 13 is an explanatory view of applying the nozzle in FIG. 9 to 
an in-line system injection molding apparatus; and 

FIG. 14 is an entire side elevational view showing a modified 
embodiment of an injection molding apparatus according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is to be explained by way of preferred 
embodiments with reference to the drawings. 

FIG. 1 shows a first embodiment of the present invention. 
An injection molding apparatus 1 for light metal alloys according to 
this embodiment comprises a screw extruder 4 disposed vertically and 
having an extrusion screw 3 disposed rotatably at the inside of a chamber 2 
and a hopper 6 connected to the upper end of the chamber 2 for storing 
molten metal 5. 

Further, the apparatus 1 comprises a temperature control unit 8 
used for temperature control, for example, cooling such that the molten 
metal 5 supplied from the hopper 6 into the chamber 2 is formed into semi- 
solidified slurry 7 and a clamping device 9 into which the semi-solidified 
slurry 7 discharged from a discharge port at a lower end of the chamber 2 is 
injected. 

Among the constituent components of the apparatus 1, the hopper 6 
is adapted to receive the molten metal 5 melted in a melting furnace 10 and 
store the same in a molten state, and a lower end opening of the hopper 6 is 
connected to an upper end of the chamber 2. 

Further, a sealing unit (not illustrated) for blowing an inert gas 
such as argon from the lower portion of the hopper 6 is connected to the 
bottom of the hopper 6 and the molten metal 5 in the hopper 6 is bubbled by 



inert gas from the sealing unit to remove impurities and seal the surface of 
the molten metal 5 with the inert gas. 

A driving motor 11 is coupled directly to the upper end of the 
chamber 2, an upper end of the extrusion screw 3 inserted rotatably in the 
chamber 2 is connected to the driving shaft of the motor 11, and the screw 3 
is disposed in a cantilever manner such that its lower end constitutes a free 
end in the chamber 2. 

An injection cylinder 12 having a vertically protruding and 
retracting cylinder rod is connected to an upper portion of the motor 11, and 
the motor 11 is coupled directly to the cylinder rod of the cylinder 12. 

Therefore, in the screw extruder 4 in this embodiment, the screw 3 
is axially moved downwardly by way of the motor 11 by downwardly 
protruding the cylinder rod of the injection cylinder 12, by which the semi- 
solidified slurry 7 accumulated at the lower end in the chamber 2 can be 
injected to the outside. 

The outer circumferential surface of the chamber 2 is covered with 
the temperature control unit 8, and the temperature control unit 8 
comprises a plurality of temperature control jackets 13 each separated in 
the vertical direction. Then, a heat medium such as an oil at a 
temperature lower than the molten metal 5 is caused to flow in the jacket 13, 
so that the molten metal 5 in the chamber 2 can be cooled to a temperature 
range lower than the liquidus temperature and higher than the solidus 
temperature. 

Further, for controlling the temperature of the molten metal 5 in 
the chamber 2 at high accuracy, each of the temperature control jackets 13 
also has a heating function. 

A substantially L-shaped connection pipeline (connection member) 
14 is connected to the discharge port at the lower end of the chamber 2 and 
the pipeline 14 has, at the inside, an injection flow channel 17 comprising a 
first channel 16 in the vertical direction and a second channel 16 extending 
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horizontally from the lower end of the channel 15. Among them, the upper 
end of the first channel 15 is connected with the discharge port at the lower 
end of the chamber 2, while the exit of the second channel 16 is connected 
with a stationary plate 24 secured to a fixed base 23 of a mold clamping 
device 9 to be described later. 

In this embodiment, an a rounded portion 17R is formed at a joined 
portion between the first channel 15 and the second channel 16 for smoothly 
turning the direction of the semi-solidified slurry 7, by which the semi- 
solidified slurry 6 can be injected horizontally by the downward movement 
of the extrusion screw 3. 

Further, the temperature control jacket 13 is also disposed to the 
outer circumferential surface of the connection pipeline 14 for keeping the 
semi-solidified slurry 7 at the inside to a constant temperature. 

A nozzle 18 always closed except for injection step is disposed at the 
exit of the second channel 16. The nozzle 18 may be adapted to form a 
solid metal plug at the top end of the nozzle by a temperature control unit 
comprising a temperature control jacket 13 disposed to the outer 
circumference thereof for closing the nozzle or adapted to close the nozzle by 
a mechanical or spring type shut-off valve disposed to the top end of the 
nozzle. 

The latter type nozzle using the shut-off valve is suitable in that a 
portion of high solid phase rate is not formed near the top end of the nozzle 
upon forming the solid metal plug and there is no possibility that the solid 
plug intrudes into the products. 

Further, as shown in FIGS. 5A to 6B, the extrusion screw 3 
preferably comprises a central shaft 41 rotationally inserted into the 
chamber 2 and a plurality of axially arranged screw segments 42 fitted over 
the outer circumferential surface of the shaft 41. 

The shaft 41 comprises a cylindrical shaft member having an 
involute spline 43 formed on the outer circumferential surface. The shaft 
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41 is constituted with a metal material having excellent high temperature 
creep characteristics over tool steels, for example, comprising Fe based 
stainless steels (Cr 12% steel and the like) or Incoloy 800 (Fe-Ni-Cr series). 

A conical tip segment 44 of a diameter larger than that of the shaft 
41 is screw coupled to the top end face of the shaft 41, and a base end 
segment 45 of a large diameter coaxially connected with a diiving shaft of 
the driving motor 11 is screw coupled with the base end face of the shaft 41. 
The segments 42 are secured so as not to be moved relatively to the central 
shaft 41 by axially clamping a plurality of segments 42 arranged axially 
intimately to each other by the segments 44 and 45. 

As shown in FIGS. 5A and 5B, each of the segments 42 is formed 
into a short cylindrical shape which is opened at both axial ends and has a 
screw blade 46 on the outer circumferential surface and inner 
circumferential surface fitting to the involute spline 43 of the central shaft 
41. Respective segments 42 are axially arranged such that the screw 
blades 46 are in contiguous with each other between each of the adjacent 
segments 42. 

Further, each of the segments 42 has a compression ratio of 1.0, an 
identical cross sectional shape at an optional axial direction and an 
identical axial size. Therefore, a plurality of segments 42 arranged axially 
in one extrusion screw 3 are adapted to be replaceable with each other. 

Each of the segments 42 is made of a material applied with ceramic 
coating or the like to the surface and having excellent resistance to melting 
damage thereby decreasing the frequency of replacement. 

Further, each of the segments 42 has a convex nest 47 formed at an 
axial end face for fitting to a concave nest 48 of an adjacent segment 42, and 
fitting of the nests 47 and 48 to each other can prevent light metal alloy 
from leaking through the gap between each of the segments 42 to the 
central shaft portion 41. 

The anti-rotation stop for each segment 42 to the central shaft 
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portion 41 may be attained by a key and a key slot. 

Then, the damping device 9 comprises a link housing 21 disposed 
vertically on a substrate 20, a stationary base 23 fixed to the housing 21 by 
way of horizontal tie bars 22, a stationary plate 24 fixed to the stationary 
base 23, a movable base 25 supported slidably to the tie bars 22 passing 
therethrough and a movable plate 26 secured to the movable base 25 such 
that it can be opened/closed horizontally relative to the stationary plate 24. 

A clamping cylinder 27 is secured at the central portion on the outer 
surface of the link housing 21 and the top end of the cylinder rod 28 of the 
cylinder 27 is connected with a central portion of the movable base 25. The 
housing 21 and the movable base 25 are connected by way of a plurality of 
links 29 which are folded when the housing and the movable base approach 
to each other, and are arranged substantially linearly in a horizontal 
direction when they apart from each other. 

A push cylinder 30 is disposed to the movable base 25 on the side 
facing the housing 21 and an push rod 31 of the cylinder 30 is passed 
through the movable base 25 and connected with the movable plate 26. 
1 Accordingly, in the clamping device 9, the movable plate 26 can be 

urged strongly to the movable plate 24 by protruding the cylinder rod 28 of 
the clamping cylinder 27 to straighten the link 29 on one line and 
protruding the push rod 3 1 of the push cylinder 30 in a straightened state of 
the link 29. 

Then the operation of the injection molding apparatus 1 and the 
method of injection molding the light metal alloy using the same are to be 
explained. 

At first, molten metal 5 charged from an induction heating type 
melting furnace 10 by means of a mechanical or solenoid pump into the 
hopper 6 is supplied in a gas shield state to an upper portion of the chamber 
2 of the screw extruder 4, cooled by each of the temperature control jackets 
13 below the liquidus temperature and above the solidus temperature and 
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grown dendritically. The dendritic crystals are pulverized by shearing 
action of the extrusion screw 3 and fine crystal grains are formed and 
transformed into the semi-solidified slurry 7. 

Subsequently, the slurry 7 is downwardly extruded by the extrusion 
screw 3 under temperature control in the same manner as a slurry pump. 
In this case, since the nozzle 18 for the connection pipeline 14 is closed, the 
extrusion screw 3 undergoes an axial upward load by the extruding force by 
the rotation of the screw per se. 

On the other hand, a predetermined back pressure is set for the 
injection cylinder 12 of the screw extruder 4 and, when an inner pressure 
overcoming the back pressure is formed in the chamber 2, the extrusion 
screw 3 upwardly moves in the axial direction and the semi-solidified slurry 
7 is accumulated at the lower end of the chamber 2 and metered by a 
predetermined amount. 

In this case, even the semi-solidified slurry 7 has an extremely low 
viscosity compared with a synthetic resin or the like, so that metering for a 
predetermined amount has to be conducted by compulsorily moving the 
extrusion screw 3 upwardly by a back pressure to the injection cylinder 12 
depending on the viscosity of the slurry 7. 

In this way, when the semi-solidified slurry 7 has been metered, 
upward movement and rotation of the extrusion screw 3 are stopped and the 
injection cylinder 12 downwardly moves the screw 3 all at once. By the 
downward movement of the screw 3, the metered semi-solidified slurry 7 
accumulated at the lower end of the chamber 2 is injected by way of the 
injection flow channel 17 of the connection pipeline 14 into the cavity of the 
molding plates (stationary plate 24 and the movable plate 26) and molded 
into a predetermined shape. 

According to the injection molding method of the present invention 
as described above, since the semi-solidified slurry 7 is formed starting from 
the molten metal 5, it forms a tissue in which fine crystal grains are 
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dispersed uniformly, and molding products of high quality excellent in 
mechanical characteristics and with less burrs can be obtained. 
a*^ Tkafr-jgT-itt^ th o meth ed-efHire- preseiil invention, since the moltoj 
'^metaliS is formed into the semi-solidified slurry 7 in the verticaldiamber 2, 
the molten metal 5 is formed into the slurry 7 afterthe^inert gas the molten 
metal 5 is formed into the slurry 7 after^ne-inert gas contained in the 
molten metal 5 has been cbdven^ofTby the pressure and the buoyancy. 
Accordingly, mixing of p,ore^into the molding products due to involvement 
of the inert gascanbipre vented, thereby preventing occurrence of defective 

» ducl& aa lcoo a s p ossible^. 

Further, since the starting material is the molten metal 5, which is 
transported downwardly under cooling into the semi-solidified slurry 7, 
abrasion or flexion in the upper stream of the extrusion screw 3 can be 
reduced arid it is no more necessary to increase the load torque and enlarge 
the stirring route of the screw extruder 3 so much, and the apparatus can be 
made compact. 

Further, since the semi-solidified slurry 7 injected from the 
discharge port at the lower end of the chamber 2 is once turned into the 
horizontal direction and then injected into the molding plates 24 and 26 
that are opened/closed in the horizontal direction, there is no requirement 
for locating the screw extruder 4 to an unnecessarily high level, irrespective 
of the molding plates 24, 26 and the extent of the stroke amount thereof. 
Accordingly, light metal molding products of high equality with less pore or 
shrinkage can be injection molded without setting the size for the height of 
the entire apparatus excessively large. 

By the way, it is considered that in this embodiment, a portion in 
the extrusion screw 3 that dendritic crystals start to grow most suffers from 
abrasion or melting damage in a case of using the screw extruder 4 adapted 
to cool the molten metal 5 into the semi-solidified slurry 7. 

In view of the above, when abrasion or the like should occur 
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exceeding a predetermined level to the screw segment 42 corresponding to 
the portion, the segment can be replaced with a segment 42 with less 
abrasion at other portion thereby remarkably extending the life of the 
extrusion screw 3. It is of course possible to replace only the damaged 
segment 42 with a quite new segment. 

FIG. 2 shows a second embodiment of the present invention. 

In this embodiment, a chamber 2 for a screw extruder 4 is inclined 
in a state somewhat turned down to the side opposite to the clamping device 
9, by which the height for the entire apparatus can be suppressed further 
lower compared with the case of the first embodiment. 

The degree of inclination of the screw extruder 4 is set substantially 
equal with the helical angle of the extrusion screw 3 and, at such degree of 
inclination satisfactory stable operation can be conducted without removing 
the pores at the inside of the chamber 2 or without deposition of the semi- 
solidified slurry 7 to the upper portion of the shaft. 

In the present invention, "substantially vertical" means not only 
that the chamber 2 is disposed vertically but also that it is inclined to such 
an extent as removal of bubbles can be saved at the inside of the chamber 2 
or deposition does not occur to the upper portion of the shaft. 

Since other constitutions and functions are identical with those in 
the first embodiment, corresponding portions are shown by identical 
references in the drawing and detailed explanations for them are to be 
omitted. 

FIG. 3 shows a third embodiment of the present invention. 

In this embodiment, an extrusion screw 3 is inserted in a chamber 2 
so as not to move in the axial, namely, vertical direction, so that the 
injection cylinder 12 is not disposed to the upper end of a driving motor 11. 

Instead, a discharge port at the lower end of a chamber 2 is 
connected with an upper portion at the front end of a metering cylinder 
(connection member) 34, in which an injection plunger 33 protruding and 
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retracting horizontally is inserted therein. An injection flow channel 17 
comprising a vertical first channel 15 and a horizontal second channel 16 is 
constituted at the front end of the metering cylinder 34, and a check valve 
(not illustrated) for preventing the semi-solidified slurry 7 in the second 
channel 16 from flowing backwardly to the chamber 2 is disposed in the 
first channel 16. 

Further, an injection cylinder 36 is disposed to the rear- end of the 
metering cylinder 34 for protruding an injection plunger 33 toward a 
stationary plate 24. Therefore, in the injection molding apparatus 1 
described above, semi-solidified slurry 7 can be injection into molding plates 
24 and 26 by accumulating a predetermined amount of the semi-solidified 
slurry 7 in the second channel 16 of the metering cylinder 34 and then 
protruding the injection plunger 33 all at once. 

According to this embodiment, since the semi-solidified slurry 7 in 
the second channel 16 is injected in the horizontal direction by the injection 
Plunger 33 for horizontal injecting, there is no more necessary to provide 
the injection cylinder 12 to the upper portion of the screw extruder 4 and 
the height of the entire apparatus can be lowered further compared with the 
case of the first embodiment. 

Further, as shown in FIG. 3, in this embodiment, the chamber 2 for 
the screw extruder 4 is buried in an inner hollow portion 35 formed by 
recessing a central portion of a stationary base 23 of a clamping device 9 so 
as to prevent increase in the length of the apparatus as less as possible due 
to the use of the horizontal injection plunger 33. 

Further, in this embodiment, the following function and effect can 
also be provided in addition to those of the first and the second 
embodiments. 

That is, in this embodiment, since the semi-solidified slurry is 
injected by the injection plunger 33 different from the extrusion screw 3, 
there is no requirement for moving the extrusion screw 3 at high speed for 
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injecting the slurry as in the case of the first and the second embodiments. 
This can prevent abrasion at top end of the screw 3 caused by high speed 
movement of the screw 3 and, if the plunger 3 should be abraded, only the 
inexpensive plunger 33 has to be replaced. 

Further, in the in-line system, even if the chamber 2 is arranged 
vertically, there is a worry that the slurry more or less invades into a shaft 
seal by the axial movement of the extrusion screw 3. In this embodiment, 
since there is no requirement for the axial movement of the extrusion screw 
3, the shaft seal can be located at a position not so high from the molten 
surface of the molten metal 5. 

Accordingly, in this embodiment, the height for the location of the 
driving motor 11 can be set lower, as well as, there is no requirement of 
disposing the injection cylinder 12, so that the height for the entire 
apparatus can be reduced further lower. Accordingly, compared with the 
first and the second embodiments, the safety of the facility can be improved 
and the maintenance can be facilitated. 

FIG. 4 is a fourth embodiment according to the present invention. 
An injection molding apparatus 1 of this embodiment has a melting 
furnace 10 located substantially at the same ground level as a clamping 
device 9 for heating a solid material into a molten metal 5 and the melting 
furnace 10 has a function of melting the metal material at the inside by a 
well-known induction heating method briefly into a liquid phase. 

A molten metal supply unit 94 comprising, for example, a screw 
pump or a solenoid pump is disposed to the inside of the melting furnace 10, 
and the supply unit 94 is connected by way of a pipeline 93 to a hopper 6 on 
the side of a screw extruder 4. The pipeline 93 has an inner and outer 
double tube structure, in which a space between the outer tube and the 
inner tube is filled with an inert gas thereby sealing the molten metal in the 
inner tube with the inert gas to prevent oxidation of the molten metal 5. 

As described above, since the melting furnace 10 is located 
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substantially at the same ground level as the clamping device 9 and the 
molten metal 5 in the melting furnace 10 is supplied by way of the supply 
pipeline to the hopper 6, it is not necessary to locate a great amount of the 
molten metal 5 at a high place of the apparatus which is preferred in view 
of safety. 

Further, the injection molding apparatus 1 of this embodiment 
comprises a level sensor 90 for detecting the surface height of the molten 
metal 5, and a control device 91 for controlling the supply of the material by 
the molten metal supply unit 94 based on signals from the sensor 90, and 
the detected surface height of the sensor 90 is set lower than the shaft seal 
92 of the extrusion screw 3. 

A thermocouple or a supersonic sensor may be used for the level 
sensor 90. Further, a system of controlling the supply of the material by 
opening/closing a solenoid valve (not illustrated) disposed to the midway of 
the supply pipeline 93 by the control device 91 may be adopted. 

As described above, since the surface height of the molten metal 5 
in the hopper 6 is controlled by the control device 91 so as not to be higher 
than the shaft seal of the extrusion screw 3, the water head of the material 
in the chamber 2 does not exceed the shaft seal 92. Accordingly, even 
when the semi-solidified slurry 7 is deposited to an upper portion of the 
extrusion screw 3, the slurry 7 can be prevented from reaching the shaft 
seal of the screw 3 as much as possible to prevent damage for the shaft seal. 

FIG. 7 shows a first embodiment of a nozzle 18 for light metal alloy 
injection usable for the injection molding apparatus 1 shown in FIG. 3. 

The nozzle 18 comprises a solid plug nozzle of forming a solid plug 
by solidifying the light metal alloy itself in the nozzle by cooling the top end 
upon metering, and the nozzle comprises a cylindrical nozzle main body 64 
screw coupled at the base end to a discharge port of a metering cylinder 34, 
a tip member 66 having a discharge port 65 fixed in a state fitted to the top 
end of the nozzle main body 64 and a heating member 67 comprising a band 



heater or the like wound around the periphery of the nozzle main body 64. 

The tip member 66 of the nozzle 18 is connected in a fitted state to a 
concave part of a spool bush 38 embedded in the stationary mold 24, and a 
temperature setting member 39 comprising a band heater or the like is 
wound around the periphery of the bush 38 for heating or cooling the bush 
38 higher than the temperature set to the mold and lower than the solidus 
temperature. 

Therefore, solid plug (not illustrated) can be formed in the 
discharge port 65 of the tip member 66 under the temperature control by 
the temperature setting member 39. 

The nozzle 18 further has a static mixer 51 contained in an inner 
channel 50 of the nozzle main body 64. The mixer 51 is adapted to radially 
mix the semi-solidified slurry 7 passing through the inner channel 50 of the 
nozzle main body 64 to refine the solid particles contained in the slurry. In 
this embodiment, the static mixer comprises a plurality of stirring blades 52 
each formed into a twisted shape around the axial center of the nozzle main 
body 64. 

As shown in FIG. 7, the plurality of stirring blades 52 are opposite 
to each other with respect to the twisting direction between the blades 
adjacent in the axial direction of the nozzle. The stirring blades 52 of 
different twisting directions are arranged along the axial direction in the 
inner channel 50 of the nozzle main body 64 such that they are in 
perpendicular to each other. Further, it is preferred to dispose the stirring 
blades 52 by three stages or more for effectively pulverizing a grown portion 
of the solid phase in the semi-solidified slurry 7. 

The heating member 67 is disposed in the nozzle main body 64 at a 
portion corresponding to the static mixer 51 for heating the light metal alloy 
situated at that portion to a temperature higher than the liquidus 
temperature. Accordingly, provision of the mixer 51 can prevent easy 
clogging of the solid particles in the inner channel 50 and enables stable 
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injection operation. 

Further, the heating member 67 may also comprise an induction 
heating member wound around the outer circumference of the nozzle main 
body 64, and the nozzle main body 64 constituted with a ferromagnetic 
material containing nickel, chromium, iron or the like. This is preferred in 
that the light metal alloy in the inner channel 50 can be heated 
instantaneously to a temperature higher than the liquidus temperature. 

That is, when the inside of the nozzle main body 64 is always 
heated above the liquidus temperature, the heat conducts also to the semi- 
solidified slurry in the metering cylinder 34 to lower the solid phase rate, 
sometimes failing to obtain molding products of a desired quality. Heating 
by the use of the induction heating member heats the semi-solidified slurry 
7 in the inner channel 50 temporarily to a temperature higher than the 
liquidus temperature only just before the injection, and this can suppress 
the fluctuation of the solid phase rate of the semi-solidified slurry 7 in the 
metering cylinder 34 to effectively present degradation of the quality due to 
heating of the nozzle. 

The effect of applying the nozzle 18 to the injection molding 
apparatus shown in FIG. 3 is next to be explained. 

At first, the molten metal 5 charged from the melting furnace 10 by 
a mechanical or solenoid pump into the hopper 6 is supplied in a gas shield 
state to the upper portion of the chamber 2 of the screw extruder, and cooled 
by each of the temperature control jackets 13 to a temperature lower than 
the liquidus temperature and higher than the solidus temperature and 
grown into dendritic crystals. 

The dendritic crystals are pulverized by the shearing action of the 
rotating extrusion cylinder 3 and fine crystal grains are formed and then 
transformed into the semi-solidified slurry 7. 

Subsequently, the slurry 7 is downwardly extruded by the extrusion 
screw 3 under temperature control like that the slurry pump. In this step, 
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since the on/off valve for the nozzle 18 is closed, the injection plunger 33 is 
backwardly loaded in the axial direction (rightward in FIG. 3) by the 
extrusion force caused by the rotation of the extrusion screw 2. 

On the other hand, a predetermined back pressure is set to the 
injection cylinder 36 and when an inner pressure overcoming the back 
pressure is generated in the metering cylinder 34, the injection cylinder 36 
backwardly moves axially and the semi-solidified slurry 7 is accumulated at 
the front end of the metering cylinder 34. 

Then, when it is detected that the injection plunger 33 has reached 
a predetermined measuring position, the injection cylinder 36 is actuated to 
forwardly move the plunger 33 at once. By the forward movement of the 
plunger 33, the metered semi-solidified slurry 7 accumulated in the front 
end of the metering cylinder 34 is injected through the nozzle 18 into the 
cavity of the molding plates (stationary plate 24 and movable plate 26). 

Upon injection, since the semi-solidified slurry 7 is injected by the 
static mixer 51 while being radially mixed in the nozzle 18 into the molding 
plates 24 and 26, even if a portion of the solid particles in the semi-solidified 
slurry 7 is grown coarsely, the solid particles are refined when they pass 
through the nozzle 18. 

Therefore, this can prevent grown solid particles from intruding 
into the molding products, to obtain satisfactory molding products in which 
refined solid particles are uniformly dispersed with no pores. It has been 
confirmed by the experiment that the size of the solid particles is reduced by 
about 10% compared with the case of not using the mixer 51. 

Further, since the solid particles in the semi-solidified slurry 7 are 
refined, and this can prevent the grown solid particles from clogging the 
nozzle 18 and increasing the resistance to the passage of the light metal 
alloy material, and enables stable molding operation. 

Further, in this embodiment, since the inside of the nozzle 18 is 
heated to and above the solidus temperature by the heating member 67, this 



24 



can prevent the solid particles from easily clogging the inside of the inner 
channel 50 by the provision of the mixer 51 and ensures stable molding 
operation also in this regard. 

Then, when the injection of the semi-solidified slurry 7 has thus 
been completed, the solid plug is formed at the inside of the discharge port 
65 by the cooling for the spool bush 38 with the temperature setting 
member 39 based on the injection completion signal from the injection 
plunger 33 and, subsequently, the driving motor 11 for the screw extruder 4 
is actuated to start the metering for the next injection shot by the injection 
plunger 33. 

FIG. 8 shows a second embodiment of the nozzle 18 for light metal 
alloy injection usable for the injection molding apparatus 1. 

The nozzle 18 comprises a self closing type nozzle having an on/off 
valve 54 at the inside and it comprises a cylindrical nozzle main body 64 
screw coupled at a base end to a discharge port of a metering cylinder 34, an 
intermediate cylinder 55 fitted to the top end of the nozzle main body 64, a 
tip member 66 fitted to the top end of the intermediate cylinder 55 and 
having a discharge port 65, and a heating member 67 comprising a band 
heater or the like wound around the periphery of the nozzle main body 64. 

The on/off valve 54 comprising a needle valve is axially inserted 
slidably at a central portion of the intermediate cylinder 55, such that the 
discharge port 65 can be opened/closed by the axial movement of the valve 
54. A ring member 57 having an arm 56 abutting against the rear end of 
the on/off valve 54 is fitted over the outer circumference of the intermediate 
cylinder 55, and the ring member 57 is resiliency biased to the mold 
(leftward in FIG. 8) by a spring member 58 fitted over the top end of the 
nozzle main body 64. 

An injection channel 59 for the light metal alloy material is formed 
at the periphery of the on/off valve 54 in the intermediate cylinder 55, and 
the channel 59 is widened at the front end of the on/off valve 54 and in 
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communication with the discharge port 65. 

Also in the nozzle 18 of this embodiment, a static mixer 51 
comprising a plurality of stirring blades 52 is contained in the inner 
channel 50 of the nozzle main body 64, by which the semi-solidified slurry 7 
passing through the inner channel 50 is radially mixed and the solid 
particles contained therein are refined. 

Therefore, the nozzle 18 can prevent the on/off valve 54 disposed at 
the downstream in the mixer 51 from being hindered for opening/closure by 
the grown solid particles and enable stable molding operation. 

Further, since other constitutions and the functions are identical 
with those of the first embodiment of the nozzle 18, corresponding portions 
carry the same references in the drawing, for which detailed explanations 
are omitted. 

FIG. 9 shows a third embodiment of a nozzle 18 for light metal alloy 
injection usable for the injection molding apparatus 1. 

Also the nozzle 18 comprises, like that the nozzle of the second 
embodiment, a self-closing type nozzle having an on/off valve 54 at the 
inside and comprises a cylindrical nozzle main body 64 screw coupled at a 
base end with a discharge port of a metering cylinder 34, an intermediate 
cylinder 55 fitted to the top end of the nozzle main body 64, a tip member 66 
having a discharge port 65 and formed integrally to the top end of the 
intermediate cylinder 55 and a heating member 67 comprising a band 
heater or the like wound around the periphery of the nozzle main body 64, 
in which a static mixer 51 comprising a plurality of stirring blades 52 is 
contained in an inner channel 50 of the nozzle main body 64. 

The on/off valve 54 is inserted axially slidably in a guide cylinder 61 
contained in an intermediate cylinder 65, and a spring member 72 is fitted 
over the outer circumference of the cylinder 61 for resiliently biasing the 
on/off valve 54 to the mold (leftward in FIG. 9). 

Further, the nozzle 18 comprises, in addition to the heating member 
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67 for heating a portion corresponding to the static mixer 51, a second 
heating main body 53 wound around the top end of the intermediate 
cylinder 55, a third heating member 74 wound around the base end of the 
intermediate cylinder 55 and a fourth heating member 75 wound around 
the base end of the nozzle member 64, in which first to fourth temperature 
sensors 76 to 79 each comprising a thermocouple or the like are disposed 
near the exit of the mixer 51, near the inlet of the mixer 51, near the exit of 
the intermediate cylinder 55 and near the inlet of the nozzle main body 64 
respectively. 

Then, each of the heating members 53, 67, 74 and 75 conducts 
temperature control such that the temperature T4 of the fourth temperature 
sensor 79 at the upstream of the static mixer 51 is at a semi-solidification 
temperature in which solid and liquid phases exist together, and further, 
such that the temperature Tl to T3 for the first to the third temperature 
sensors 76 to 78, as: T3 ^ Tl > T2 within a range above the liquidus 
temperature of the light metal alloy. 

As described above, by setting the temperature of the light metal 
alloy in a portion upstream to the static mixer 51 to a semi-solidification 
temperature by the fourth heating element 75, degradation of the quality of 
the molding product by the lowering of the solid phase rate of the semi- 
solidified slurry 7 in the metering cylinder 34 can be prevented effectively. 

Further, also by setting the temperature T2 of the second 
temperature sensor 74 to a temperature as low as possible above the 
liquidus temperature, lowering of the solid phase rate of the semi-solidified 
slurry 7 is prevented in a portion upstream to the nozzle 18, and 
opening/closure of the on/off valve 54 is not hindered by the solid phase 
component by setting the temperature as: (T3 ^ Tl > T2) such that the 
temperature is gradually higher toward the top end of the nozzle 18. 

Since other constitutions and functions are identical with those of 
the second embodiment of the nozzle 18, corresponding portions carry 
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identical references in the drawing, for which detailed explanations are 
omitted. 

FIGS. 10A to IOC show a fourth embodiment of a nozzle 18 for light 
metal alloy injection usable for the injection molding apparatus 1. 

The nozzle 18 in this embodiment is different from that of the first 
embodiment in providing a shearing block 82 constituting a slitwise 
injection channel 81 that causes shearing flow in the semi-solidified slurry 7 
passing through the nozzle 18 instead of the mixer 51. 

As shown in FIG. 10B, the block 82 comprises a lower plate 83 
having a laterally long shallow groove on the upper surface and a flat upper 
plate 84 in contact with the upper surface of the lower plate 83, and the 
slitwise injection channel 81 is defined by closing the shallow groove of the 
lower plate 83 with the upper plate 84. 

Then, as shown in FIG. 10A, the block 82 is contained in a widened 
portion 85 in the nozzle main body 64 such that the slitwise injection 
channel 81 is in communication with an inner channel 50 of the nozzle main 
body 64. 

According to the nozzle 18, since the semi-solidified slurry 7 is 
injected to the molding plates 24 and 26 while generating a shearing flow in 
the slitwise injection channel 81 of the shearing block 82, if a portion of the 
solid particles in the semi-solidified slurry 7 is grown coarsely, such solid 
particles can be refined upon injection. 

In a case where the flow resistance to the semi-solidified slurry 7 is 
excessively large if the injection channel 81 in the shearing block 82 is 
formed slitwise over the entire axial direction, solid particles of the semi- 
solidified slurry 7 can be refined without increasing the flow resistance not 
so much if ridges 86 are disposed each at a predetermined distance in the 
flowing direction of the material at the inner surface of the block 82 as 
shown in FIG. 10C. 

An example of the block 82 contained in the nozzle main body 64 is 
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shown but a slitwise injection channel 81 may be disposed directly to the 
inside of the nozzle main body 64. 

The first to fourth embodiments of the nozzles described above are 
not limited only to the use for the injection molding machine shown in FIG. 
3 but they can be used suitably also to in-line system injection molding 
apparatus shown in FIG. 1, FIG. 2 and FIG. 4 as shown in FIG. 11 to FIG. 
13. Further, they are also applicable to the following type injection 
molding apparatus. An injection molding apparatus 1 shown in FIG. 14 is 
an injection molding apparatus according to a so-called thixo-molding 
process, which is different from the embodiments shown in FIG. 1 to FIG. 4 
using the molten metal 5 as the starting material in that a pellet or chip- 
like solid material 69 is heated at the inside of a screw extruder 4 and the 
material 69 is formed into a semi-solidified state. 

That is, the solid material 69 is charged in the state of the solid as 
it is to a material hopper 70 connected to a rear end of a chamber 2, and the 
material 69 is formed by heating into a semi-solidified slurry by a 
temperature control jacket 13 provided to the outer circumference of the 
chamber 2 and the semi-solidified slurry is injected by an extrusion screw 3 
moving forward by an injection cylinder 36 into molding plates 24 and 26. 

For components having structures and functions identical with 
those in FIG. 1 carry same reference numerals in FIG. 14 and detailed 
explanation therefor are omitted. 

While each of the preferred embodiments according to the present 
invention has been explained as above, such embodiments are merely 
illustrative but not limitative. The technical scope of the present invention 
is defined according to the scope of the claims and all embodiments 
contained therein are encompassed within the range of the present 
invention. 

For example, for the self-closing type nozzle 18, those conducting 
opening/closing operation by a rotary type valve can be used in addition to 
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those conducting opening/closing operation by a needle valve. 



30 



